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(57) Abstract: A method is disclosed for the 
quantitative analysis of the contents, in nitrogen, 
of hydrogen and methane by means of ionic 
mobility spectrometry, consisting of a) performing 
a measurement of the apparent hydrogen 
concentration in the nitrogen under examination; 
b) performing a measurement of the apparent 
hydrogen concentration in a flow of the same 
sample of nitrogen, purified from all impurities 
but methane; and c) comparing the two measure. 
A system is also disclosed for carrying out the 
method. 
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"A METHOD OF MEASURING THE CONCE NTRATION OF HYDROGEN AND 
METHANE IN NITROGEN BY MEANS OF ION MOBILITY SPECTROMETRY" 

The present invention relates to a method of measuring the concentration of 
5 hydrogen and methane in nitrogen by means of ion mobility spectrometry. 

Nitrogen is widely employed as a reacting medium or carrier gas in the 
integrated circuit industry. As is Imown, in the manufacture of these devices, the 
purity of all the used materials has a basic importatice; as a matter of fact, 
contaminants possibly present in the reactaiits or in the reaction environment may be 
10 incorporated into the solid state devices, thus altering their electrical features and 
giving rise to production wastes. The purity specification of the gases employed in 
production may change among different maaufacturers and depending on the specific 
process the gas is employed in. Generally, a gas is considered to be acceptable for 
manufactm-ing purposes when its impurities content does not exceed 10 ppb (parts per 
15 billion, namely an impurity molecule per 10^ total gas molecules); preferably, the 
impurities content is lower than 1 ppb. It becomes thus important the possibility to 
measm*e extremely low concentrations of impurities m the gases in an accurate and 
reproducible way. 

A technique that can be exploited for such purpose is ion mobihty spectrometry, 
20 which is also known in the art under the abbreviation IMS; the same abbreviation is 
also used for the instrument employed to perform this technique, while indicating, in 
this case, "Ion Mobility Spectrometer". The interest in such a technique comes from 
its extremely high sensitivity, associated with limited size and cost of the instrument; 
by operating in suitable conditions, it is possible to detect gas or vapor phase species, 
25 in a gas medium, in amounts of the picogram order (pg, namely 10 g) or in 
concentrations of the order of parts per trillion (ppt, equivalent to one molecule of 
analyzed substance per 10^^ molecules of sample gas). IMS instraments and analytical 
methods in which they are employed are disclosed, for instance, in US patents 
5,457,316 and 5,955,886, assigned to the US company PCP Inc. 
30 The physicochemical grounds of the technique are very complicated, just as the 

interpretation of the IMS analytical results. For an explanation of these groirads and 
results, reference can be made to the book "Ion Mobility Spectrometry" by G.A. 
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Eicemaii and Z. Karpas, published in 1994 by CRC Press. 

Briefly, an IMS instrument essentially consists of a reaction zone, a separation 
zone and a collector of charged particles. 

Within the reaction zone takes place the ionization of the sample, comprising 
5 gases or vapors to be analyzed in a carrier gas, usually by means of |3-radiation 
emitted by ^^Ni, The ionization mainly occurs on the carrier gas, with the formation of 
the so-called "reactant ions", whose charge is then distributed to the present species 
depending on their electron or proton affinities or on their ionization potentials. 

The reaction zone is divided from the separation one by means of a grid which 

10 prevents, when maintained at a suitable potential, the ions produced in the reaction 
zone from entering into the separation zone. The analysis "time zero" is established 
by the moment when the grid potential is annulled, thus allowing the ions admission 
into the separation zone. 

The separation zone comprises a series of electrodes which create such an 

15 electric field that the ions are carried from the grid towards the collector. In this zone, 
maintained at atmospheric pressure, a gas flow is present having opposite direction 
with respect to the one of the ions movement. The counterflow gas (defined in the 
field as "drift gas") is an extremely pure gas, that may either correspond to the gas the 
impurities content of which has to be determined, or be a different gas; for instance, 

20 for detennining the impurities content in nitrogen it is either possible to use a 
counterflow of pure nitrogen or argon, as it is disclosed for instance in Italian patent 
application MI2000-A-002830 in the name of the Applicant. The motion velocity of 
the ions depends on the electric field and on the cross-section of the same ions in the 
gaseous medium, so that different ions take different times for crossing the separation 

25 zone and reaching the particles collector. The time elapsed from "time zero" to the 
time of arrival on the particles collector is called "time of flight". The collector is 
connected to the signal processing system, wliich transfomis the current values sensed 
as a function of time in the final graph, where peaks corresponding to the different 
ions are shown as a fimction of the "time of flight"; from the detemaination of this 

30 time and the knowledge of the test conditions, it is possible to trace the presence of 
the substances which are object of the analysis, whereas from the pealcs' area it is 
possible to calculate, through suitable computation algorithms, the concentration of 
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the corresponding species. 

La order to get good results from such a type of analysis, it is necessary that the 
peaks corresponding to the various species be well distinct and separated from one 
another, hi a few cases, however, this condition is not satisfied. That is what thappens 

5 for example in the case of the analysis of methane as an impurity in nitrogen; within 
the reaction zone, methane dissociates into ions and CH3* radicals (these latter are 
not "visible" in the IMS analysis as being neutral species); as a consequence, it is 
impossible to measure methane the hydrogen concentration that is read is higher than 
the one actually present in nitrogen at the instrument's inlet, 

10 Object of the present invention is to provide a method of measuring the 

concentration of hydrogen and methane in nitrogen by means of ion mobility 
spectrometry. 

According to the present invention, such an object is achieved through a method 
comprising the followmg steps: 
15 a) carrying out a measm-ement of the apparent hydrogen concentration m the 

imtreated nitrogen to be analyzed; 

b) carrying out a measurement of the apparent hydrogen concentration in a flow 
of the nitrogen to be analyzed, purified from every kind of impurity but methane, thus 
indirectly deducing the real methane concentration; and 
20 c) subtracting the hydi'ogen concentration measm*ed in step b) from the 

hydrogen concentration measured in step a), thus deducing the real hydrogen 
concentration in the nitrogen to be analyzed* 

The invention will be described in the following with reference to the figures, 
wherein: 

25 - figure 1 schematically shows a system of gas lines comprising a purifier for 

the practical realization of the invention's method; 

- figure 2 shows the result of thi*ee different IMS analyses of nitrogen, in one 
case of pure nitrogen and in two cases of nitrogen with impurities. 

As it has been previousl}-^ said, the details concerning the charge transfer 
30 mechanisms occurring in an IMS analysis are extremely complicated. It was however 
fomid that nitrogen transfers charge to methane with an efficiency wliich is about 
double of the one concerning the charge transfer to hydrogen; methane tlien 
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dissociates according to the following reaction equation: 

CH/ ^ CH3' + H"" (I) 
wherein CH3* stands for the neutral methyl radical. 

As a consequence of the higher charge transfer efficiency to methane, and of 
5 reaction (I), the final effect on the IMS analysis result is that the methane contiibution 
to the hydrogen peak is higher than the one of hydrogen itself. The precise value of 
the transfer efficiency ratio to methane and hydrogen (which is nearly 2, as previously 
stated) varies depending on the analysis conditions (temperature, gas flows ..,) and 
can be detemiined from time to time in the particular conditions by means of 

10 calibration tests at different methane concentrations, hi the following, the hydrogen 
concentration measured in the IMS analysis stemming from hydrogen originally 
present in nitrogen and from methane will be indicated by Hh and Hch45 respectively. 

When an impmities analysis in nitrogen is carried out, the resulting hydrogen 
concentration measure, as said already, is an apparent concentration, indicated in the 

15 following by Happ, due to Hh and Hch4 contributions, which does not enable the 
precise quantification of either the hydrogen or the methane concentration. 

According to the method of the invention, then, in operation a) the measurement 
of Happ is performed; in operation b) the measurement of Hch4 is perfomied, thus 
obtaining an indirect measure (through a measure of hydrogen concentration) of the 

20 actual methane concentration in the nitrogen to be analyzed; and in operation c) the 
contribution of hydrogen stemming from methane is subtracted from the Happ 
measure, thus achieving the measure of hydrogen really present in nitrogen. The 
evaluation of Happ, Hh and Hch4 measures, as well as the calculation of the difference 
as per step c) of the invention's method, will generally be realized in an automated 

25 way through a data processing system, generally a microprocessor, connected to the 
instrument. 

The method of the invention may be put into practice exploitmg the gas lines 
system schematized in figure 1. System 10 consists of an inlet line 11 for the gas 
under examination; line 11 is subdivided, through a branching element 12, into 
30 secondary lines 13 and 14, respectively provided with on-off valves Vi and V2; on 
line 14 there is also arranged a gas purification system, 15, able to remove from inlet 
nitrogen all impuritis but methane; lines 13 and 14 are reconnected, downstream of 
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the valves and of the purifier, as a unique line 16, feeding the gas outgoing from the 
system to an IMS instrument, 17, and in particulai' to the reaction zone (not shown) of 
said instrument. A few modifications are possible of the system of Fig. 1: for instance, 
lines 13 and 14 could be not recomiected as a unique line 16, but they could be 

5 directly comrected to the reaction zone of tlie IMS instrument; in this respect, 
however, the system of Fig. 1 has an advaatage as it doesn't need a modification of 
the commercially available IMS instomients, which are generally provided with only 
one inlet point for the gas to be analyzed. Moreover, valve V2 may lie upstream of the 
purification system 15, Finally, system 15 may be consisting of a sole purifier or of 

10 several purifiers in series. 

Suitable nitrogen purifiez'S for the purposes of the invention are laiown and 
available on the market. For instance, system 15 may comprise a purifier based on the 
use of a getter alloy, having the weight percent composition Zr 76.5%-Fe 23.5% 
manufactured and sold by the Applicant under the trade name St 198; this alloy and 

15 its production are disclosed in US patent 4,306,887; use of alloy St 198 for nitrogen 
purification is disclosed in British patent GB-B-2,177,080; this alloy, employed at 
temperatures about SOC^C, is able to completely remove impurities like hydrogen, 
oxygen, water and carbon oxides, without adsorbing, however, nitrogen and methane; 
tliis alloy is therefore suited to the purposes of the invention, as it does neither adsorb 

20 nitrogen (which, if absorbed, would rapidly saturate the alloy's capacity, as it 
represents the main gas) nor the critical impurity, methane, which wouldn't enable the 
method to be carried out if it was absorbed in an even rninimal amount. 

Another material especially suited to the purposes of the invention is metallic 
nickel, generally used on a high surface area carrier like for instance molecular sieves. 

25 Metallic nickel too, when used at room temperature, is able to remove the impurities 
commonly present in nitrogen except for methane. Supported metallic nickel, or 
purifiers containing the same, are commercially available for mstance from the US 
company Engelhard Co. 

It is possible to combine, with these purifiers, other gas purifiers known in the 

30 art, like for instance the ones based on molecular sieves for water sorption. 

By using the system of figure 1, by keeping valve Vi opened and closing valve 
V2, untreated nitrogen to be analyzed is supplied to the IMS instrument; in these 



wo 02/090960 



PCT/IT02/00262 



-6- 



conditions, there are present both methane, giving rise to reaction Q), and ttie 
hydrogen initially present in nitrogen; by performing the IMS analysis in these 
conditions, one reads hydrogen concentration Happ, thus carrying out the step a) of the 
method according to the invention. 
5 Operation b), on the contrary, is carried out by closing valve Vi and opening 

valve V2; all the flow goes through purification system 15, which removes all 
impurities present in nitrogen but methane; in tiiese conditions, the IMS measure will 
read hydrogen concentration Hch4, thus allowing to indhectly deduce the 
concentration of methane alone in the nitrogen to be analyzed. 
10 Finally, operation c) is developed by the data processing system connected to 

the instrument. 

The invention will be fxxrther illustrated by the following examples. 
Test results are given on graphs where peaks are recorded as a function of their 
time of flight in milliseconds (ms); peaks have an area corresponding to the 

15 concentotion of the different ions. These ions are generally complex species, wliich 
may comprise one, two or more molecules of the ionized gas, possibly associated to 
more than one molecule of carrier gas; for sake of simplicity, the main peaks in the 
figures are identified by the fonnula of the molecular species they are ascribed to, 
rather than by the formula of the corresponding ion. The peak intensity is given in 

20 volts (V); the transfomiation of the current directly measured by the sensor (number 
of ions colliding onto the sensor per time unit) into volts is performed by the 
instrument electronics. The sample ionization is performed by a radioactive source of 
^^Ni. The separation zone of the employed instmment is 8 cm long; in all the tests, the 
appUed electric field is equal to 128 V/cm. Gases employed in the tests are supplied 

25 by the firm SIAD (Bergamo, Italy), in cylinders containing pure nitrogen or mixtures 
of nitrogen and of 20 ppm of the concerned impurity, which can be either hydrogen or 
methane. 

EXAMPLE 1 

This example is representative of an impurities analysis on nitrogen according 
30 to the method of the invention. 

First of all, an IMS analysis of pure nitrogen is carried out, in order to track the 
background spectrum of the system that will be used as a reference item in the 
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followmg tests. The test is carried out at llO^C, wliile using pure argon, as drift gas 
and a 0.15 flow ratio between the sample gas and the drift gas. The result of this test 
is recorded in figure 2 as line a. The peak occurring in correspondence of a time of 
flight of about 27 ms is the pealc of the main present ion^ containing the species N2"^; 

5 this ion, corresponding to the gas showing highest concentration in the analysis, the 
impurities concentration of which has to be determined, is defined in the art as 
reactant ion peak, abbreviated as REP. The peak centered at 21 ms corresponds to 
species containing an odd number of nitrogen atoms, such as Ns"^, Ns^ and so on, 
indicated in figure 2 as Nn^. 

10 EXAMPLE 2 

A test is then carried out according to operation b) of the method of the 
invention. A nitrogen flow, containing 20 ppm of methane, is diluted with pure 
nitrogen to a 2 ppb concentration of methane. The use of nitrogen exclusively 
containing methane is equivalent to the gas purification obtainable from system 10 by 

15 closing valve Vi and opening valve V2. This gas flow is sent to the analyzer. A 
specti-um is obtained which is recorded on figure 2 as line b. Hydrogen peak falls at 
21 ms, namely a the same time of the species derived from nitrogen, but it is possible 
to deduce the contribution of hydrogen alone by subtracting the areas. Because of this 
overlapping, the peak oir the figure is indicated as Nn"^ + H^. The Hch4 value, 

20 corresponding to 2 ppb, is deduced from line b by means of the instrument's 
processing system, which takes into accoimt the correction factor for the higher 
charge transfer efficiency fi'om nitrogen to methane with respect to hydrogen. 
EXAMPLE 3 rCOMPARATIVE) 

A comparison test is at last carried out, corresponding to the laiown performing 
25 procedure of an impurities analysis in nitrogen. 

A nitrogen flow, containing 20 ppm of hydrogen and a nitrogen flow containing 
20 ppm of methane are mixed and diluted with pure nitrogen to a 2 ppb concenti*ation 
of both impmities. This gas is directly sent to the IMS instrument. The test results are 
recorded on a graph in figure 2 as line c. A hydrogen concentration value of 6 ppb is 
30 deduced fi-om this line by means of the instrmnent's processing system, by subtracting 
the contribution of the nitrogen background from the peak at 21 ms. 

The test of example 3 corresponds to the known performing procedure of the 
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impurities analysis in nitrogen. As it has been seen, this anatysis gives a cumulative 
measure of the impurities hydrogen and methane, which is however impossible to 
subdivide into the respective contributions deriving from hydrogen and methane; 
furthennore, the hydrogen reading obtained by this way (6 ppb) is higher than the one 

5 which should be obtained (4 ppb), due to the 2 ppb of hydrogen and the 2 ppb of 
methane. By this method, it is thus impossible to quantitatively determine hydrogen 
and methane in nitrogen. 

Through the method of the invention (example 2) on the contrar}^ it is possible 
to isolate the contribution of the Hch4 value to the Happ value; the precise CH4 

10 concentration is deduced from the Hch4 reading after calibration of the instrument; 
from the knowledge of tliis concentration and from the measurement of Happ it is then 
possible to correctly deduce the hydrogen concentration initially present in nitrogen. 
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CLADSdS 

1. A method of measuring the concentration of hydrogen and methane in 
nitrogen by means of ion mobility spectrometry, comprising the following steps: 

a) carrying out a measurement of the apparent hydrogen concentration in the 
5 mitreated nitrogen to be analyzed; 

b) carrying out a measurement of the apparent hydrogen concentration in a flow 
of the nitrogen to be analyzed, purified from all impurities but methane and indirectly 
deducing the real methane concentration; and 

c) subtracting the hydrogen concentration measured in operation b) from the 
10 hydrogen concentration measm-ed in operation a), thus deducing the real hydrogen 

concentration in the nitrogen to be analyzed. 

2. A method according to claim 1, wherein said concentration measurements 
and said subtraction operation are performed in an automated way through a data 
processing system. 

15 3. A method according to claim 2, wherein said data processing system is a 

microprocessor. 

4. A method according to claim 1, wherein operation a) is carried out by directly 
sending to the IMS instrument the nitrogen whose analysis is intended to be 
perfomied and operation b) is carried out on nitrogen previously made to flow 

20 through a purification system able to remove all impurities but methane from said gas. 

5. A method according to claim 4, wherein a system (10) of gas lines is used, 
wliich consists of an inlet line (1 1) for the nitrogen under examination; said inlet line 
being subdivided, through a branching element (12), into two secondary lines (13; 
14); wherein on each liae there is an on-off valve (Vi; Va) and on only one of the 

25 lines (14) there is also arranged a nitrogen purification system (15); said secondary 
Imes being comiected, downstream the valves and the purifymg system, to the 
reaction zone of an IMS instrument (17). 

6. A method according to claim 5, wherein operation a) is carried out by 
sending the nitrogen to be analyzed into said system of gas lines, while keepiag 

30 opened the valve on the line where said purification system is not present and closed 
the valve on the line where said purification system is present; and wherein operation 
b) is carried out by sending the nitrogen to be analyzed into said system of gas lines. 
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while keeping closed the valve on the line where said purification system is not 
present and opened the valve on the Hne where said purification system is present. 

7. A method according to claim 5, wherein said purification system comprises a 
single purifier. 

5 8. A method accorduig to claim 7, wherein said purifier contains an alloy 

havmg the weight percent composition Zr 76,5%-Fe 23.5%. 

9. A method according to claim 7, wherein said purifier contains metallic nickel 
on a carrier having a high surface area, 

10. A method according to claim 5, wherein the purification system comprises 
10 at least two purifiers, one of which is intended for water sorption and is based on 

molecular sieves. 



wo 02/090960 



1/2 



PCT/IT02/00262 




